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Su mma r y 
The objective_ of this stvdy is to breed a new superior va-
riety by the genetic improvement of characters pertaining to 
the yielding ability of cultivated Por h ra ~~~~~2L~n~~Sis game-
tophytic thalli and qvality of the dried sheets of nori in 
compl iance with consvmers' demand and to improve nori indvs-
t r y . 
The new variety was bred by seiection and fixation of an 
recombinant vild-type prodvced from an F1 heterozygous s.po-
rophytic thal lus resvlting fronl the crosses bet~Yeen green-
type and red-type pigmentation ntutant of ~･ ~L~~~~ll~i~is, then 
the characters pertaining to its yieiding abi ! ity, resist-
ance to diseas*e and eating qual ity were determined. 
Since information on the degree of seif-fertil ization de-
termining the breeding systein in the population of cultivat-
ed ~･ ezoensis is indispensable in maintaining the charac-
teristics of the new variety, which can be e_st,ilnated from 
the resuits of the cr'osses of pigmentation mutants. 
The res;_'ults of the present st,udy are sLiinmarized as foi lovs. 
1. Selection and fixation of the recombinant wild-types in 
c_u I tiv,ated P. ezoensis. 
Since meiosls in ~･ ezoe_nsis occ_urs at the conchospore 
germination, the four･cel led germl ing of a gametophytic 
thailus is equivalent, to the orc{ered tetrds. F~ heterozygous 





























variety as the control. 
The resui+.s_ h,ere as folIOLS R the ZGRV were al~Yays hlgh 
e_r in standing cr'op of galiietophytic thai I i which is the 
character pertaining to yield than the grower's variety, 
@ the ZGRV had ~lore photosynthetic pigment contents of ga-
metophytic thalli vhich is the character pertaining to pi -' . 
mentation of gametophytic thalii and coior and qvality of 
dried sheets of nori than the grower's variety, C the 
ZGRV were higher resistant to red rot disease of gametophyt-
ic thalli which is the character pertaining to yielding 
abil ity than the grower's variety, @ the ZGRW showed 
tendency to be better than the grower's variety in co]or 
and luster of dried sheets of nori which is the character 
pertainin*g to quality, R the ZGRV were better than the 
grower's variety in crispness of textur'e of dried sheets 
of nori which is the character pert,aining to eating quality, 
C the ZGR~~ contained ~lore free ainino acids contents, par-
ticulariy alanine and glL]tamic acid, the ~Iain constituents 
(.)f the taste substances, in drie=d sheets of norl t~hlch Is 
the character pertaining to eat,ing qual itb' than the grower's 
varlety, ~) the ZGR~~ contained ino.re voiatile_ sulfur coin-
pounds, part,icularly dimet,hyl sulfide, the m,ain cons'tit,uent, 
of the flavor sLibstances in dried sheets of nori. 
From the seven characters mentioned-above the ZGR{V has 
shown clear]y distinct,ness from the grower"s variety, 
s_ufficient homogeneity concerning phenotypic charact,ers and 
stabi i ity of ge_netic char'acteristics which are desired for' a 
- 4 -
new variety. However, the_ differential range of the char2tc 
ters mentioed-above between +.he ZGRV and the gro'~er's vai'ie-
ties varied depe_nding upon the_ farming years, seasons and 
s i tes . 
3. ColflParis.on of the characteristics betveen the t~~o recom-
binant Ylild-types, ZGR~ and ZRGV, derived from the recip-
rocal crossings. 
The corriparis_on of t,he characteristics between the ZGR~* and 
the ZRGS~ were carried out to examine inheritance rrlanne_rs of 
above-mentioned seven characters. The resuits were as fol-
lows: there were no differences between the ZGRI~ and the 
ZRGV concerning (~) standing crop of gametophytic t,halli, @ 
photosynthetic pigments contents of gametophytic thal I i and 
R color and luster of dried sheets of nori, hence it can be 
said t,hat these_ characters ~Ye_re_ governed by n[Jclear inheri-
tance m,anner; on t,he other hand, ther'e were a littie differ-
ences bet~Yeen the ZGRi~ and the ZRGV concer'nin~',_: (~4_~ t,he re-
slstance to red rot disease of gaiiletoph~,tic thal I i, '~r.~ +~' 
crispness of texture_ of dried sheets of nori, ~=¥~6~ alanine and 
giutamic acid cont,ents in dried sheet,s' of nori and ~j di-
methyl s_ulfic{e content in dried shee_.ts of nori, hence it 
might svggest, t,h,at these charact,ers vere trans[uitted accoi'd-
ing by the cytoplasrrli._c inhe_ritance manner. 
4. Estimation of the degree of se{f-fertiiiz,ation bas*ed on 






























ization can be estimated by calculating the ratios of the 
frequency of F~ sporophytic thalli colonies of Iflutant type 
pigmentation identical to that the maternal parent to the 
total F1 sporophytic thalli. However, the degree of seif-
ferti lization might vary depending on the number or size of 
each piece of the materna{ and paternal thalltJs piece or in-
dividuals, experiments for the estimation of the degree of 
self-ferti I ization were performed under the fol iowing condi-
tions L~ vitro and iJ~ situ. 
(1) Estimation of the de*'ree of seif-fertili~zation iJ2 vitro. 
~) Vhen the crosses between the pigmentation mutant types 
and the wild-type, and the reciprocal crossings betveen 
these pigmentation mutant types were performed by usin*" the 
upper part piece of the thallus margin, each piece having 
the sanle size, the de_gree of self-ferti] ization was e_stimat-
ed to be abovt 50% in all cross corrlbinations. 
@._., When the recipr'ocal crossin*'s bet~Yeen the pi*~mentation 
mutant types were performed by increasing the nuITlber of ma-
ternal piece of the same size, valve of the_ de*'ree of self-
ferti I ization reached extremely to 100%, while the recipro-
c~sl crossings between the pigmentation mutant types by in-
creasin.* t,he nvllber of paternal piece of t,he same size it 
reac_hed extremely O% 
(2) Estimat,ion of the degree of self-fertolization in situ. 
Estirtiation of the de*'ree Qf seif-fer'til ization in the cui-' 
tivated population in the sea ~,as c.'tr}'ied out, in the farming 
groLind in tokyo Bay spreading the seed net that the '"ire_e_n-
- 7 -
type mutant grown by means of poie system c_uitivation fac_il-
ity. The degre_e of self-fertil ization vas estirrlated ranging 
between 33.1-46.1:.y, (~ = 39.9~), the values were sn{aller 
comparing that obtained in the iJl vitro ex~eriments which 
was about 50~ when the number of maternai and paternal 
pieces were equal. The vaiue obtained in the ill situ exper[-
ments would be due_ to spreading out only one sheet of seed 
net of green-type among a great nurrtber of sheets of wild-
type. This result is consistent with the results obtained 
from in vitro experiments. 
The results on the estimation of the degree of self-ferti-
l ization obtained both in iJl vitro and ir! situ experiments 
proved that a cultivated popuiation of ~･ ezoensis has 
mixed mating system. To maintain the characteristics of the. 
ZGRW or the ZRGW, the free-1iving sporophytic thalii propa-
gated by means of clonal cell cvlture should be vtlllzed as 
seeds . 
Addendum: The ZGRV bred in t~e present s.tudy vas_ re*'Istered 
wlth the denominatfon of variety of "Cyoko (~~)~) ( regls 
tration number 3100) *' on Feb. 29, 1992 based on the Seeds 














































































































































































































































Miura, A. 1975 b. Por h ra cultivation in Japan. In : 
Tokida. J., and Hirose, H., ed. Advance of Phbtcoio.')~l 
in Japan. The Hague, Dr. ~. Junk B. V. Pubilshers 
p. 273 - 304. 
;~~B~:t~~. 1976 a. ~~~~?Q)~~1;~~~~~~ ~~~~~~)~~~~~f~~~1~' 
25 : 51 - 82. 
?~H~~~ 1976 b ) l) (D ~;~: {~?~~~~~ 8 (7) 15 - 21. 
?~;~~t~~; 1978. )IJ(D~:~*.･'~)~~ _ _ ~~ ~L~*-･'q)j:~~--.+. i~~z; 3) = 
(8) : 11 - 16. 
E~~B~tA~. 1979. ~i.~~i~~'.~f~t:~. Ei~c7~~~~~:~~, ~~{. yjc~~~~4~:~~~:{~~~.+~~~~: 
(7~~~~:~/IJ -~:, 26) . ~~~~, t~_E~~,~~J~:~~~~l. p. 78 - 9~_. 
~1iura, A. 1979. St,udies on gene'tic improvement of cultivated 
Por' h ra (Japan). Proc. 7th Japan-Soviet Joint Symp. 
Aquacu]ture, Sept. 1978, Tokyo. p. 161 - 168. 
Miura, A. 1984. A new variety and a ne~i form of Por)h r'a 
(Bangjales, Rhodophyta) fr'oi~ Japan : Por' h ra te_nera 
KJellman var. tamatsue_nsis i~liura, var. nov. and P. 
vezoensis Ue_da forrrt. nar'awaensis !Yliura, form nov J 
Tokvo Unlv Flsh 71 (1) : I - 37 
I~~E~~.,.~. 1985. ~~L~}~~-JAq)Dl::~Q~~:. Nev Food Indus_t,ry, 27 (5) 
11 - 14. 
Miura, A. 1985. Genetic anaiysis of the variant, coior type 
of I ight red, I Ighl green a;nd i lght yeilolf Phenotypes 
of Por h ra ezoensis (Rhodophyta, Bangjaceae). in : 
Hara. H., ed. Origjn and evolut,ion of dive_rs_ity jn 
plants and p]ant communit,ies. Tokyo, Ac,ademia Scientific 





































































































































































































Table 1. Frequencies of F1 garrietophytes classified into the 
three tetrad types resulting froni the cross bet~,een ~Jl~l 
(G) and red (R), and the recoMbination ratio bet~~een ~ and i 
in Por hvra vezons[s. PD : paren-ta{ ditype. ~PD : non paren 
tal ditype, TT : tetr'atype 
C ross* PD NPD TT Recombination ratio 
763 
540 
* PeITlaie parent sho~Jn fi rst. 
934 
661 
36 . 9~ 
36 . 2 
Table 2. Comparison of cont,e.nts (/.tg/cT~, Z of D.V.) 
erythrin (PE) and phycocyanin (PO, and their ratios 
(ZGRV) and t,he grower's variety of Por h ra ~~~~i~n~l~:is 
col lected on specified dates 
of c_hforonhyl I a (Chi .a) 
bet,veen the recombinant 
cul tivate_d at different 
, phv. co-
w i I d- type_ 
s_ i t,es. a d 
Var i e ty Chl .a PE PC 








Ch I .a 
P E 
PC 
Fi rst ye_ar 
Tok yo 
ZGRV 
Growe r" s 
of 
Ba y , 
growing test, 
Sh i n - Fu ttu , 
3.62 44 
3.43 42 
s* pri ng harves_ t 
Apr. 4, 1988 
.  30.7 0.355 4 .5 29.5 0.238 2 35  95  
Ol
05







M i kava 
ZGRW 
Grower's 
Ba y , Koromozaki , 
2.83 24 
2.46 20. 
Jun. 7, 1988 





Second year of 
I sh i nomak i 
ZGRV 
Growe r ' s 
groving test, 




, Nov. 20, 1988 
3 20.2 O . 573 6 . 












Bay , St] i n- F~~ t l.[, 
4 . 60 
4 . 28 
, Nov. 22, 19R8 





M i kava 
ZGRW 
G rowe r ' s 









Second year of 




B y, Hamaichf 
3.85 31. 
3.ll 28. 
s* pring harves* t 
, Jun. 16, 1989 
4 4.1 0.534 4.36 
O 12.3 0.350 3. 1,5 
l 
1 
96 8 . 16 3 .66 







G rowe r ' s 
Ba y , Sh i n - Fu ttu 
5.17 
4 . 57 
, Feb. 12, 1989 
44.0 22.4 0.623 5 43,2 22.0 0.541 5 
. 30 
12 
2 . 70 
2.61 
8.51 4.33 





N i kawa 
ZGRV 
G r'owe r" s 
Ba y , Koroltlozak i , 
5.14 39 
4.80 36] 
Feb. 14. 1~]_89 
.2 18.5 0.651 4 .7 16.(~ 0.602 q 
q.6 
. 60 
2.34 7.63 3 . 60 





Thi rd year' of 
I sh i nomak i 
zGRL J 
G rowe r" s. 
groving test, 




, De . q. , 1989 
5 15.4 O.596 5. 8 1~. .8 0.518 4. 
21 
G~~ 
2 . 20 8 . 73 3 . 6f~ 





G r'owP_ F" s 
Bay, Sh i n - Fu t tu 
4 . 30 
4.ll 
. Dp_c. 18, 1989 ~2.7 20.2 0.548 5 
40.8 18.6 0.428 4 
.44 
25 
2 57 9 .g. 3 4 .~fO 





IM i kawa 
ZGRiJ 
G rowe t" s 
Ba y , Koromozak i , 
4.25 44. 
3.32 39.. 
Nov. 18, 108q. 
q. 17 .O 0.584 6. 17 O 14.7 0.478 5.62 










Third year of 
l sh i nomak i 
ZGRV 
G r'owe_ r" s 
Tol( yo 
ZGRV 
G l'Owe r ' s 
Bay, 
growing t,es+t,, s.prin" . Bay, ffamaiclli , Jan. 
3.54 32.8 16. 
3.18 27.8 12. 
Shin-Ful,t~l, INar. q. , 
4.49 36.0 18. 
4.20 34.6 15. 
harvesi, 
15, 1990 










2 . 86 9 . 27 4 . 75 
l .83 8.74 3_ .9G 
2 . 47 
i 70 
8 . 02 4 . o.') 








. ?_ ~~ 
M i kva 
ZGRW 
Grower' s 
Ba y , Ko romozak i 
4 . 49 
4.21 
, .lan. q., 1990 
3J'.2 18.4 0.542 4 
3 3 . 6 1 5 . 3 O . 453 3 
. 25 
62
2 . 22 
l .65 
7.84 4. lO 







Coiupa r i son 
the_ ZGR~,i and 
of the color 
the gr'o~Yer' S 
and ivster in dried 
variety of Por h ra 
sheets ofno r i 
(grade/mark) 
Farm i n.'/ s. i tc Ha rves t i ng 
date 
Va r i et y co { or 1 usbe r Total 
Hama i ch i 
N i sh i o 
Ko romozak i 
Toush i 
Tukvra( I ) 
Tuku ra( H ) 
Tamatsu 
T',tkad,a 
M i nam i kat~azoe 
Buns_'e i ( I ) 
Bunse i ( 11 ) 
1989. 1 1 . 5 





19 90 . 
1990. 
O1 . 09 
12.10 
O1 . 10 
O1 . 20 
O1 . 10 
Ol ."_O 
1989 . 12. 08 
1989 . I ?_ . 27 
19 90 . O1 .9_O 
ZGRki 
Crower ' s 
ZGR~! 
GroL~er ' s 
ZGRI~ 
GrotYer ' s 
ZGRW 
Grower ' s 
ZGf~~W 
Grower ' s 
zGR~l 
Grower ' s 
ZGR~l 
Grower ' s 
ZGR~~ 




Gro~,Ye_ r ' s 
ZGRW 
G r'o~Ye r ' s 
2/186 
2/ 1 78 







3/ 1 72 




4/ 1 58 
5/ 1 37 
3/ 1 64 
3/16,0 
2/176 
2/ 1 75 
3/173 
























3/ 1 70 
2/ 1 84 
5/156 
2/179 
4/ 1 64 
3/ 1 74 
3/ 1 69 
2/ 1 75 
41162 
3/ 1 66 
41160 
5/ 1 64 
5/151 
5/ 1 50 
~r/ 1 34 
4/ 1 55 
5/151 
3/ 1 68 
3/ 1 65 
3 / 1 67 
4/ 1 55 
* Hamaic'_hi: Ishinomaki Bay 
Toushi : Ise Bay; Tukura, 
Minamikawazoe: Ariakekai 
, 
iN shio, Korotnozaki : Mik,awa B,ay; 
T matsu: Seto i niand Sea; Takada, 
B,ay; Bunsei: Shiranuikai Bay 
Table 4 
between 
Compa r i son 
the ZGRV and 
of crispness' 
the grower' s 
of textvre i 
var'iety af 
n dried 
Por h ra 
s'heets of 
vezoe_ns i s 
nori
Fa rm i ng s i tc Harvest i ng 
date 
Va r i ety Hardness(kg) :!: SD 
Harrla i ch i 
N i sh i o 
Ko romozak i 
Toush i 
Tukura( I ) 
Tuku ra( 11 ) 
Tamat,su 
Takada 
M i nam i kalYazoe 
Bunse i ( I ) 
Bv nSe i ( H ) 
1989 . 1 1 . 15 
1 989 . 12 . 26 
1990 .O I . 09 
1989 . 12 . 10 
1990 .OI . 10 
1 990 . O I . ,_O 
1990 .OI . 10 
1990 .OI . '_O 
1 989 . 1 7_ . 08 
1 989 . 1 2 . 27 
1990 .OI . 20 
ZG~V 
G rower ' s 
ZGRV 
G rower ' s 
ZGRV 
G rowe r ' s 
zGR~~! 
G rower ' s 
ZGRV 
G rover ' s 
ZGRV 
G rower ' s 
zGRI~ 
G rower ' s 
ZGR~i 
G rol.Yet" s 
ZCRV 
G r'o~Ye_r ' s 
ZGRtt{ 
G r~ower ' s 
ZGRl~t 













































* Haina i ch i : 
Ise Bay; 
Ar i ,akeka i 
Ishinoinaki Bay; Nishio, Koro{tlozaki : +~ika~~a ~ay; Toushi 
Tukura, Tamatsu: Seto Iniand Sea; Takada, Min,amikat~azoe 
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Compari son of 
nori between 
c centration of volati le 
the ZGRI,! and the gro~Yer's 
sv I fu r 
va r i e t y 
c nlpoullds in 
of Po  h ra 
d r i ed 
(ppb) 
Fa rm i ng s i tc Harvest i ng 
date 
Var i ety D i n!ethy 1 
su I f i de 
H yd ro gen 
su I f i de 
INe th y 1 
m rcaptan 
Hama i ch i 
Nishio 
Ko romozak i 
Toush i 
Tukura( I ) 
Tukv ra( 11 ) 
Taft~a ts* v 
Takada 
N i nam i ka'dazoe 
Bunsei( I ) 
BLI nse i ( H ) 
1 989 . 
1 989 . 
1 990 . 
11.15 
1 2 . 26 
O1 .09 
1989 . 12 . 10 
1 990 . O1 . 10 
990 .O I .'_O 
1990 .OI . 10 
1990 .OI .20 
198q. . 19_.08 
1 989 . 1･_ . 27 
1 990 . O1 .'_O 
ZGRV 
G ro~~e r ' s 
ZGRy 
G rowe r ' s 
ZGR~i 
G rowe r ' s 
ZGR{~'i 
G ro~ie r ' s 
ZGRk' 
G rowe r ' s 
ZGRV 
G rowe r ' s 
ZGRV 
G rowe r ' s 
ZGRI~' 
C ro~fe r ' s 
ZCRV 
G,ro~~e r ' s 
ZCRW' 
G ro~Ye r ' s 
ZGRltl 



































































* Ham,a i ch i : 
Ise Bay; 
A r i akeka i 
Is~inomaki B,ay; Nishio, Koronlozaki : Mik,a~~a Bay; Toushi 
Tukura, Tama~Su: Seto I nland Sea; Takada, Minamika~Yazoe_ 
Bay; Bunsei: Shiranuikai 8ay 
Table 7. Comparison of contents (!~g/cTn'* ~ of D.V.) of chiorophyli a (Chl.a) ,',* 
phycoerythrin (PE) and phv.c_.ocyanin (PO, and t.hei r ratios be_t~.~een the_ recom-
binant vi Id-types of the ZGRV and the ZRCl+i res_ultin~" from t,fle recip[-oca{ 
crossings between the green!type and the red-type mutants in PorJhvr'a 
~~~g~l~li~i s 
Va r i et y Chl .a PE 
( /1 glcTn2 ) 
Pc Ch I . a PE PC 
(~ of D.Iti.) 
PE PC 











grovi ng test 
, Hamaichi, Dec. 9, 1989 
36.5 15.4 0.596 5.21 9_.'_O 
36.9 14.0 0.584 5.18 1.97 
8. 
8. 
73 3 . 68 












Ko rom02ak i , 
97 39.7 ,_O 
95 40.2 9_O 
Nov. 20, 190~,O 
. 3 0.27_7 ,_.27 1 . 16 

















Takada, Dec. 1_'), 1990 
45.0 19.6 0.306 3.10 1.35 


















, Hamaichi. Jan. 15, 19g_O 
32.8 16.8 0.603 ;)*.59 2.86 
3_9.7 16.5 0.605 5.61 2.83 
9. 
9. 
27 4 . 75 





*+i i kava 
ZGRV 
ZRGW 
B  y 
1 
1 





, Kor'or~oz.aki , 
.49 10. 1 5 
40 10 4 5 
Bay, Taka~'ia, 
.86 33.7 15 
.88 3_4.2 16 
.I n. 17, 1991 
7 0.861 5.84 3.30 
.5 0.93,_ 6.92 '3.66 
.lan. 1:~_, 1991 
.9 0.21.･~ 1.91 0.903 




78  .83 
43  . 93 
73 4 . 1?_ 









Tabie 8. Comparison of t,he 
the reco~lb inant wi i d-types 
c iprocai crossings between 
Por hvr'a ~L~~~~n~l~is 
col r and iuster in 
of the ZGRW and the 
the green-type and 
dried sheets of nori 
ZRG~Y resviting frorrl 





Farm i ng s i te Harvest i n.~" dat,e Var i ty Co I or Luster Tota i 
Hama i ch i 
Ko romozak i 
Tak,ada 
Ko rorrlozak i 
Takada 
19 90 . O1 .08 
1990 . 1 1 
1 990 . 1 1 
.9~5
3
l 990 . 1?_ . ?_4 




















~/ 1 58 
8/ I 04 









4/ 1 58 
3/165 
1/177 





3/ 1 59 
~/ 1 53 
~ H,amaichi : l s* h i nomak i B,-i_ y : i<0 romoza k i : N i katYa B, y: Takad,a: A r i ,akeka i Bc't~+ .
Table 9. Comparison of crispness 
tween the recombinant wi id-types 
the reciprocal crossings between 




te_xture in dried 
the ZGRV and the 
gree_n-type and 
sheet of nori be-
ZRGV resui ting from 
red-t,v.pe mutants in 
Farm i ng s i te Hai'vest i ng date Var i ety Hardness :~ SD (kg) 
Hama i ch i 
Ko romozak i 
Takada 
Ko rou!o zak i 
Takada 
1 990 . O1 . 08 
1990 . 1 1 . 
1990 . 1 1 . 
2*5 
13 
1990 . 19_ . 24 











2 . 78 
2 . 67 
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Table ll. C*omparison of concentration of volati le svlfur co~Ipovnds 
in dried sheets of nori between the recombinant wi Id-types of ZGRV 
and the ZRG~* resulting froin the reciprocal crossin*-"s between the 
green-type and the red-type mutants in Por h ra ~~~~~r~~l~is 
(ppb~ 
Farm i n*e 
s i te 
Harvest i ng 
date 
Va r i ety Di~lethyl H~drogen 
su i f i de su i f i de 
Methy 1 
mercaptan 
Hama i ch i 
I<(~ romoza k i 
Takada 
Ko ro[noza k i 
Takada 
1990 . O1 . 08 
1990 . I I .9_5 
1990. 1 1 . i3 
19 90 . 1･_ . ･_4 
199 1 . O1 . 06 
ZGRV 
Z RGV 







































A r i akeka i 
Is nomaki Bay; 
BaY~ ' .
































Table 13. Freqvencies of 
sporophyte resulting from 
crosses of r.(~) X l,*(~) 
fertii ization in Por h ra 
pigmentation types in F1 
carpospores forined in 
, and the degree of seif-
vezoensis. G: gre_en-type , 
V: wild-type 









































54 . O 
52.5 
55 . O 
49. 1 
+{ean = 51.4:t2.'_ 
Table 14. Frequencies of pigmentation types 
sporophyte resulting from carpospores formed 
crosses of R(~) X W(~), and the degree of 
fertil lzation in ~･ vezoensis. R: red-type, 




























































Mein = 5･_. i~34 
Table 15. Frequencies of pigmentation types 
sporophyte resulting from carpospores formed 
crosses of G(~) X R(~), and the degree of 




























































Y: Ie_all = -','-jl.t~~i')_.7 
Table 16. Frequencies of pigmentation types 
sporophyte resuiting from carpospores formed 
crosses of R(~) X G(~), and the degree of 
fertilization in ~･ ~~~~~~~l~l~is. R: red-type, 
g reen- tv~ pe 
in F1 
in 
se i f -
G: 
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Table 21 Frequencles of plgi~ent~stion types.' in F1 sporophyte 
resultin." frorn carpospore formed in crossin.~ G(~) X l~(~), 
and the degree of self-ferti i ization in a cultivated popula-
tion of Por hvra ve_zoensis in the sea. G : green-t,ype, {~ : 
v i I d -type 
Ma te r na 1 

































































































35 . O 
45 . 9 
33. 1 
38 . O 
4~..~ 
40.1 
34 . O 
36 . O 
39 . 3 
46. 1 
36.7 
45 . 3 
41.0 

















~1 e a ll = 3!~.9 :~ 3.7 
Flg I Crossove_r's accountin,･~ for seven possiiJie ordered 
_ x + g in Por h ra tetrad types when crosses are made in  + 
ezoensis. r, g and + represent red type, green-type and 
wlld type genes, and R, G, Y and V represent red, green, 
yellov and wild phe_noptypes. N'on-parental ditype ~~-,J) in which 
V and tw tetrad were survived after Y and Y tetrad vere ex-
tincted due to c_easing subseqvent cel I divisions were_ se-
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Fig. 2. Diagram of the r'elation betveen conc_hospore division 
products and deveiopmental course vai'iegated gametophytic 
thalii in Por h ra ezoensis. Products resulting from a con-
chospore from a digenic heterozygous sporophytic tha] Ius 
(conchoceiis filament, r +/+ ~q). C, D, E and F represent 
sectors in variegated gametophytic thal f i that are derived 
fro~1 ceils marked c d e and f in four-celled germlings or 
three-celled germlings, respectively. C = D ~ E = F etc. 
repres~~nt vhether a phenetype of a {sector is inequality or 
equal ity to other sectors with respect to piglflentation 
phenotypes. The four different fill patterns represent the 
four possible pigine_ntation phenotype_s. The strains of recom-
binant wl Id types ZGRW and ZRGW were selected from the indi-
viduais of C = D types In 6 anrl flxed by selfing and used 
as. materia]s in t,he present study. 
Fig. 2 
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flg 3 in vivo absorption spectra of the 
wiid-types (ZGRW and ZRGW), red-type (R), 
and wi Id-types (W) gametophytic thal I i of 
cuitured in iaboratory. 
v  recombinant 
green-type (G) 
Por h ra ~~~~~~~n~1~:is 
Fig. 3 
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rig. 4. Comparison of standing crop represente_d b~., herbari[.{m 
sheets between ZGRV and growers' variety of Por h ra 
~L~~Q~O~~LSis in relation to 1987, 1988 and 1989 nori years, au-
tumn and spring harvesting seasons and farming sites; 
Hamaichi, Ishinomaki Bay, Shin-Futt[J. Tokyo Bay and 
Koromozaki , Mika~Ya Bay. Herbarium shee_ts ~Jere prepared vith 
*~"ametophytic thalli grown on 10 cm long netting twine of a 
norl net Both ZGRV and grower's variety were grown under 
the same. conditions and coile_cted on the same day. A, B and 
C denotin'g the firs.t, the second and the third year of grov-
ing tests. 3, 5, 7 9 11 and 13 are herb4rlum sheets col 
lected In avtumn htrvest I ~ 4, 6, 8, 10, 12 anci 14 are 
those_ coi lected in sprin,'. harve_st. In the first year growln~t 
test, herbai'ium sheet,s coi iect,ed in autulun har¥,*est are_ t~ttnt 
ing. Herb~trlum sheets of 1 5 6 11 and 1~ collected at 
Shln Futtu, t,hose of 3, 4, 9 and 10 at HamaiChl and those 
of 2, 7, 8, 13 anc{ 14 at Koroinoza}(i. The le_ft, s_icle he_rbariL{Itl 
sheets of e~tch p,air in each s [te and e,ach farming s.e,ason are 
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Fig. 5. Comparison of L/V ratio freqvency of gametophytic 
thalli longer than 5 crrl per 10 cm long netting tvine bet~Yeen 
ZGRV and grower's variety of Por h ra ~j~L~~~il~JJ~:is in relation 
to 1987, 1988 and 1989 nori years, autvmn and spr'ing har-
vest,ing seasons and farming sites ; Ha~laichi , fshino~iaki Bay, 
Shin-Futtv, Tokyo Bay and Koromozaki, Mikawa Bay. Upper his-
tograrris showing ZGRV and lover grover's variety, respect,ive-
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Fig. 6. Herbariulu specimens representing the difference of 
resistance to red rot disease between Por hvra ~L~~~~~ni~Ll~~,is 
(ZGRV or Akatsuki) and ~･ tenera (Aka-1). Ten specimens on 
the left are ZGRI~ and ten specime_ns on the right are gro~Y 
er's vai'iety. Arrowheads denoting lesions of red rot infect-
e_d by Pvthium h rae. 1: Specimens coi]ected at Takada, 
Ariake_kai Bay, on Nov. 7, 1990. Eight specimens on the_ Ieft 
are ZGRV and eight specimens on the right are grower's vari-
ety. 2: Specimens collectecl at Takada. Ariakekai Bay, on 
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~" r l,-.. 7. Comparison af standing c_rop represented by herb,ar'ium 
sheets between ZCRV and ZRGV of Po[ h ra ~~~i~~il~ii~,is in rela-
tlon to 1989 and 1990 nori years, autumn and spring harvest= 
ing seasons and farmlng sltes Haulalchl Ishinomakl Bay 
Koromozakl Mlkawa Bay and Takada, Ariakekai Bay. Herbarium 
sheets vere prepared vith gametophytic thal I i grovn on 10 cm 
iong netting tvine of a nori net. Both Zr'*RV and ZRG~V' ~~ere 
grown under the same condltlons and col iected on the sttme 
day A and B denoting 1989 and 1990 nori years respectlve 
iy. I and 2 are herbarium sheets coliected at Haiuaichi, and 
in autu[un harve_st and in spring harvest, respectiveiy. 3 and 
4 are those coliected at Koi'oinozaki, and in aL{tumn harvest 
~tnd In sprln.* harvest respectlvely 5 and 6 ~tre those coi-
{ected at Takada and In autumn ha['vest and in sprlng har 
vest, respecf,ive_iy. The ieft side herbarium sheets of each 
pal r in each site anci each f,'trming s;~'eason are those of ZGRI~, 
whl ie the right slde herbarium sheets ZRG},. 
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Fig. 8. Comparison of L/V ratio fr'ecluency of game_tophytic 
thalii longer than 5 cm per 10 cm iong netting twine bet,ween 
ZGRV and ZRGV of Por h ra ezoensis in relation to 1989 and 
1990 nori y~ars, autumn and spring harvesting seasons and 
farnlin.' sites; Hamaichi, Ishinomaki Bay. Koromozaki, Mikawa 
Bay and Takada, Ariakekai Bay. Upper histagrams showin.* ZGRV 
and lover ZRGV, respectiveiy. The vertical bars in hiSto 







































































































































Fi.'/. 9. Herbarium specimens r'epresenting the difference_ of 
reslstance to red rot disease between ZGRV and ZRGV of 
Por h ra ezoensis, coliected at Takada, Ariakekai Bay on 
Jan. 17, 1991. Ten specimens on the left are ZGRW and ten 
specime_ns on the right are ZRGV. Arrowheads de_noting ie_sions 
of red rot infected by P thium h rae. 
Fig. 9 
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Fig. 10. Figure sho~~ing resL{Its of cross experime_nts for ti~e 
estlnlatlon of the degree of seif-fertiiization in Por h ra 
ezoensis. The curve I Ines wlth vhlte and black sqvares 
showing the degree of self-fertil ization when the number of 
maternal parent piece incr'eased, and the cur've lines with 
white and black circles showing vhen the number of paternal 
parent piece increased. The degree of seif-ferti I ization 
reached extremely to 100% when the nvmber of maternai parent 
piece increased, whi le when the number Of paternai parent 
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16 
Fic*. 11. Location of the slte where the growln* ' test for the . 
estimation of the degree of self-fertil ization in cultivated 
popvlation of Por h ra ~~~~~~n~ii~,is in situ was carried ovt, 
and showing the arrangement of nori cultivating apparatLls 
used for the growing test. The growing test was performed by 
sprearjjng out only one sheet of seed net grown green-type 
gametophytic thal ii among a great number of sheets of the 
seed net grown the wild-type one. The green- and wi Id-type 
seed nets were spread out by using the pole systcm cultivat* 
ing faci! ity. The_ big arrow showin.g the direction of the 
current in the site. 
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